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AL^iHIU^aVK INSTPUGTIOML ^li:TI^ODS 



Alternative Ins^t juct ional Methods io a 11f'^; of dif r<;^rent 
boachirf' ifiethodi^ that can 'he einplo^ed t;o add variety and raoti- 
vation to le^ronH. The def^crlptive Hiet appear?^ on the followinE 
page* 

These techiiiques may he emplo;^ed as substitutes for various 
activities TireBenfced in this learning packaEs* Several specific 
activities for which an alternative method can he used have been 
indicated by the nuTierscript ^ AIM. Such a superscript refers the 
reBder -^o the Alii hntrieB pa[^e at the end of this packsGe* 
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AIM 



^Alternative. Instructional iictbods 



1, Netv;ork of leb KnveaticationB ; 

Two or more different lab projects performed by gi^oups of 
BtudcmtF sirm:ltaneously or sequentially and follov/ed by 
deinonEtratioa to the class of each lab investiEation by the 
ftudont group that performed it. 

The te'dchpr'B role here may be as the presentor of an ongoing 
lecture, a rcvinc; croup assistant, coordinator, gnide ^ or any 
eoDbination of these positions. 

2, Realia/I emonstra'^ion Networks 

Eeveral denionstrations or presentations stationed at specific 
locnuions in tlie roora for students to visit sequentially 
either in prouns or individually. This activity should include 
writing answers to questions found at each station, reporting 
orp.llyt or recoi-dinpi observations and/or questions^ 

3, Bole Flaying and Debate Prasentationi 

Students adont the role of someone in society (concerned 
citizen, ecoiogist, economist, government official, etc.) 
and present the views, attitudes^ values and beliefs of 
this" individual based on the research they have done in 
a debate format, 

4^. Lecture Presentation with Interspersed Discussione: 

The teacher presents the material of the lesson using a basis 
lecture approach, but interrupts the presentation with small 
class disGUEsions of various topics. 

3, Open Ertilorationi 

Students embark on an op en-^ ended investigation of an area 

of study, directed and guided by their own creativity, intereete 

and curiosity* 

6. Team Teaching (Verticle Teaching) 

The teacher invites a fellow teacher to present a lesson. 
This method can be employed in order to introduce to the claea 
an instructor more knowledgeable about a specific topic or 
to provide a new approach and perspective to the class. 
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CREATIVE ECOSYSTEM BULLETIN BOAEJD 



An oii"Goinc actiYity directed to the final representation 
of the eicosyBDem upon coursie completion^ 

The class is divided into a number of groupB, and, by dramng 
lots^ each groTO is siven a Module topic or a Sequence topic to 
i^epresent. Upon the completion of each Hodiale or Sequence, the 
teacher meets mth the group aseigned to that topic to outline 
v/ith the students the essential elements of the materials 

Students in the group then create representations for the 
concepts of that Unit of study and display their work on a hulletin 
hoard designated for that purpose. Students bring their individual 
talents to "^the project: Artv/ork^ printing^ plant care, collage 
making, sketchinE™ anythino to syrnbolize the concepts^ 

The hulletin board is to be a cumulative effort^ so that each 
proup adds new material to vmat has already been done« In this viaj^ 
the final pi^oduct will he a class represe^ntation of a goneralizsid 



MODULE #1 



ENERGY 



EATIONAL i 

If energy is the mediator of change in the envtronment 
(and it ia), and if change includes every possible "happening" 
(and it does g for example, change in size, color, structure, 
texture, and position), then one may conclude that energy is 
the environmental weapon against all forma of stagnation. Without 
energy, ecology, the study of the environment, could not exist. 

SUGGESTED BOOKS AND REFERENCES I 

1, Biology and Society by Andrew MeClaryt HacMillan Publiflhing 

Company, Inc, Collier MacHillan Publishers 1975 pp lO-ll 
"Entropy", 

2, Fundaraental.^ of icology by Eugene Odufnj W.B. Saunders Co*, 

1971 Chapter #3 "Energy and Thermodynamics". 

3, E nvironmental Science by Amos Turk, Jonathan Turk, Janet T. 

Wittes, and Robert wittes" W.B. Saunders Company 1974 
Chapter #5 "Energy Resources, Consumption, and Pollution." 



:niIT #1 THE SUNS 

THE PRIMARY SOURCE OP ENERGY 



BEHAVIORAL OBJECTIVES I 

1. The student will be able to list at least five examples of 
the environmental roles of the sun as an energy source pre- 
sented in the film shown. 

2. The student will be able to define, in writing, what is meant 
by photosynthesis. 

3. The student will be able to describe the effect of ilght on 
chlorophyll production as seen in the bean plant, 

4. Given a list of min descriptive phrases referring to a plant's 
structure or appeairance (for fexawple, "Plant has large green 
leaves"), the student will be able to select at least three 

of which are descriptive of a plant grown without light. 

5. The student will road one article dealing with the topic 
«Solar Energy in Today' s Society" and be prepared to par-, 
ticipate In a seminar by discussing the information he has 
gathered in his reading. The article may be sleeted from 
the list provided or chosen by the student and approved by 
the instructor. 
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miT #1 (CONTINUED ) 

LIARNING ACTIVITY #1 
Fil®* and Discussion 
Li at of 16tR!ii film© available 

1. Inergy from the Sun B & W 11 min^ 

Uaes stop^motion photography, animation and dramatization 
to show that all fMma of energy are related to the sun| very 
datailed coverage. 

2. Our Mr* Sun color SS min* 

A dramatic atory of the sun and its vital importance to 
life on Earth by the Bell Telephone Company* 

3. Portrait of the Sun color 18 min* 

Saacribes the sun^ s phyeical charact©ristica and how they 
are investigated through animation and live-action photography^ 

^hll films should be previewed before use, 

LEARNING ACTIVITY #2 2 Lab EKperinientatlon 

The Effeat of Light on Plant Growth an d Davelopmant 

Adapted fromi Laboratory Studies in Biology #732 W*H, Freeman 

and Company 

I , Background i 

Photosynthesis is the process by which green plants capture 
the light energy of the sun in order to produce the food mat- 
erials they need to survive* Chlorophyll is the essential 
green pigment that enables plants to perform photosynthesis. 

II. Purpose I 

To illustrate an example of the effect of light energy 
from the sun on plant life* 

111. Materials needed i 

5" pots I soil*filled* Dwarf bean seeds ; a dark room 
IV* Procedure I 

1) Obtain 2 5" pots and make siK holes about deep in the 
aoil in each pot. 
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2) Drop one bean seed in each hole and fill in each hole / 
with soil, 

3) Label one pot "light" and the other "dark" and identify 
your pota with your name, 

4) Water each pot. 

Place the pot to be kept in the light in the indicated 
area* Place the pot labelled "dark" in the dark room* 

5) After 9«14 days, observe the plants in both pots. 
Record your observations of the color of the shoots 
grown in the light and those grown in the dark* 

V, QUESTIONS ; 

1) What can you say about the presence of chlorophyll in 

the shoots grown in the dark and those grown in the light? 

2) in which of the two environmfints , light or dark, can 
photosynthesis occur? Why? 

3) Are there any other observable differences in structure 
or general appearance between the plants grown in the 
dark and those grown in the light? If so, list thein* 



LEARNING ACTIVITY #3 Seminar 

Topi c % Solar Energy , in Todays s Society 

Introduction t 

The topic of solar energy in today's society is a multi- 
faceted one. It involves, for example, aspects of economics, 
business^ physics, biology, culture, and other fields* 

This seminar is intended to encompass these various com- 
ponents of the topic, each student becoming involved in the field 
that most interests him* 

Choose an article from the list provided, or bring in 
another article of your choice for approval. Students are an* 
couraged to present articles they have located, for these 
articles will be used to update the seminar list for future use. 

Seminar Article List 

1. Agnew, I* Soviets go after sun^s energy* Science Digest 
75 1 88 May 1974* 

2. Clark, B* House that runs on the sun* Readers' Diqeat 
104S31-2 + May 1974* 

3. Colorado shows how to put sun to work* U*S* News 78i66 
June 2, 197St 
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4* Cotnmoner, Barry (ed, ) Solar energy - bring the sun dovm to 
earth- symposium; Harper 248 1 3-10-^^ June 1974^ 

Gwynna, Peter Sun Power; Newsweek 85 s 50'*' February 24, 1975i 

6« Hammond, A.L, Solar energy reconsidered-, ERDA sees bright 
future; Science 189 1 538-9 August 15^ 1975. 

7* Quigg, Breakthrough %n solar energy for the home? 

S aturday Review World It 54 May, 1974, 

' _ - - ^ ._ 

8, Eeman^ T.. Solar power now; Ramparts 13 1 21»5 Aprils 1975, 
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UNIT #2 



ENERGY; 
Kinetic vs^ Potential 



BmAVlQBPJ^ OBJECTIVES I 



In The studsnt will be able to define, in writing, energy^ 
kinetic energy, and potential energy using either the 
traditional dafinitiona or the alternative definitions 
discussed in class. 



2, The student will be able to describe an eKample of 
kinetic energy and an example of potential energy as 
seen operating in the natural environtnent (use either living 
or nonliving element.^ or bothj but not man*made situations^ 
such as dropping a booJc from a shelf as an example of 
kinetic energy* ) 

3* The atudent will be able to list four forms of energy and 
indicate if each is potential or kinetic^ 



LSARNING ACTIVITY 

Lecture and Discussion 



Part li Definitions - Compare traditional with non- traditional 

A ) Energy 

traditional I "The Ability to Do Work" 
non-traditional s 1) Discuss content of Rationale 

2 5 Energy is both the potential ability 
to bring about some activity and the actual initiator 
of activity and the supporter of continued activity* 



B) Potential Energy 

traditional I "Energy which is stored up in matter" 
non'^traditlonali The Latent ability to bring about 
some activity* 

C) Kinetic Energy i 

traditional I ^'Snergy a body has because of its motion" 
non-traditional I The energy that initiates a change or 
aetlvity and which sustains the activity initiated* 

Part 11 Forms of Energy 

A) Placusa forms of kinetic energy and give an environ- 
mental example of each. For eKample i mechanical 
energy animal and plant movement, 

B) Discuss forms of potential energy and give environ- 
mantal examples. For example i chemical energy*— 
food* potential energy in clouds. 



C) Discusf if one type of energy Is more important than the 

other. Could life exist without kinetic? Without potential? 
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tAm OF THERHODCTMllCS 



Givan the tvrc laws of tliarm^dy^n&mlcs and a list o€ fiv^ 

aitiaft*len3| the ^ttadant will be abl# indicate which oi the 

tvo pjrincipLap oi therinodyn arnica ti ia ogeratiea in at l^a^t 
tlii^^^ o£ th© five items. 

BKatDpli 2 

A cold sp^on ia placed in a h^t cup ecffee* A ahcrt 
wMla later^ v^he» the spoon was t^u^li^d it vraa founfl tc fce warm, 

Given the tvr^ lawa of thar^wod/iiainics ^ Indieats wWcK lawll) ^ 
if any, are operating hire» 

l#^a*nlng Aeti^^ityi 

Leafeure and Siacuasion 

Part 31 Sta^tpRtexit n£ the Lawa and toplanaticn 

A* Deflnttleni 

^^rmadynamles Lb tha study q£ heat energy and it^ 
relationship to other m#rg/ fct^s^ suah a^ mechanical 

B* First Ikv Thermodynaiaieai 

Bii#rgy ^an he changad fxom ©ne type ta anathesr^ that 
Ip, pt^teritial to kinatic^ or Icliittic to patenttal^ and 
froni one form to another , that im^ light to heat ^ for 
i3catople^ but it can nmmr ex-tated ojc de^tro^^ed. E?o 
merger i^ daatroyed in the pafoce^s of transfoeciatli^n 
froEtt one farm to another # 

B« Smcon€L Law of rharmod^naBlc^ 

Biiprgy always flaws doOTihilli £rm an area oi hi^h 
arier^y c^ntsnt to ona off a Iww energy contant. 

*3Jo p«aess involving mt^B^ni t^anafarmation will 
sporttuie^u^ly occur unleaa tliave im a degradation 
energjr t^om a eoncantrat#d fcrei Into a dlapifi^id ft"Otti.»" 
(Fatew fjrow rtf €r#naa #2), 

Iiapartatit Bote on rliezmedynaint^s I LaoJc Efftoiefioy 

Ha eiv#t aawit that at ttmea €n«gy d©e^ appiar ta toe 
l^st v^heii a transformation fffotn mm foi^m ta anatha* Qa^urs. 
Nevarthel^sSp energy has not b##ii destroyed, rathaar, ic^wa 
inergy has been ehanged a f crn "itfi aah n^t uaa^ nasialy 
heat mnm^gy ^ the tnost dispersed f arm of energy In our 
aalar syatem- In other w^rdj, t«e*gy tran^formattana are 
not 100% 0fflelintj "Inergy can not be cempletely jrecycled. 



(takeri from raferenca #3) 

.Sample I All of the energy captured by a blade of grass is not 
converted to usable mergy for the grasshopper eating 
it, rather, some is dispersed aa heat energy. 

Part IV 

student Input of eKamples of each law. 
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UNIT #4 Disorder (Entropy) vs. Life 



BSUVZQBAL OBJECTIVES 

1, The student will be able to define entropy, briefly, 

2, The student will be able to describe in vwiting the 
relationBhtp between life and entropy. 

Learning Activity 

A Deductive Exercise 

Step #1 

Entropy and non-living materials: 

a) Put students at increasing distances from energy 
sources s radiator, light, sound. Have them describe 
their perceptiona - Point out the dispersion process, 

b) Throw a handful of jaclcs on desk top saveral tines. 

Can a pattern be observed? Point cut randomness vs. ord 

c) Place di-op of food coloring' in water. Point out dis- 
persion and contrast with possibility of dispersed 
colored particles reforming a concentrated drop. 

Use dissolving of salt in water as another example. 

Step #2 

Sdentify this Disorder as Entropy 
Step #3 

Organise the principle t 

Any isolated non-living system will move toward raaximum 
disorder, randomness or entropy. 

Step #4 

Discuss growth of an organism s ■ 

Take in food to produce body parts. Is this progression 
tovard disorder as was shown above? 

Point out movement toward organization in Iving things. 
Hhat happens at death? 

Step #S 

Build to deduetion: 

All life creates and maintains a high state of internal 
order, or a state of low entropy. It is in a constant 
struggle against entropy* , 



MODULE #2 



mTTER 



INTiODUCTORY NOTEi 

Although the topics of ojcygen, carbon dloxldt, and nuCrlants discussed In 
this TOdule InvDlva cyclic phemmana wlthtn the ecosystem, I have postponed 
thlo aspect o£ their ecological Importance until a later nwdule. At that Clmej 
all cyclic phenomena will be presented and integrated, so that our envlroiinitntal 
itudy will be eKperlenced as culTnlnatlng In the balanced, functlotii^g ecosystera, 

RAriONALt 

Matter t& the substance of all eKlsCenee: both the living organisnis and 
the non-living material on earth* It ii tnClmately related to energy, for 
matter Is energy's vehicle of eKpreaslonp 

UNIT #1 MATTER: Some Basic Charncteriitlcs 
BEHAVIORAL OBJECTIVES I 

Upon completion of this unit the student ^lll be able toi 

1. Briefly define Mtter. 

2, Describe in wKtlng the relationship between energy and matter, 
3* List the thrae statei of matter and give three examples oS each. 
4. Briefly describe In writing ^at Is meant by *'the fartlcuUte 

nature of matter." 

tEARNIKG ACTIVITY i 
Lecture and Dlicusalon 
P^.rt 1% Definition 

"Matter Is anything that takes up space and has velght,'' 

Point outi 

Matter is not restricted to %^h^t is detectable by the naked sGnses. 

Pose problems J 

For examples Is air matter? Why? 
Discuss Rationale for Modules 

Is it proper to say that matter is ^riy thing and everything chit can 
be changed (change defined In Module #1) by Kinetic energy acting on 
It and which can possess potential ener^? If so, then Is matter 
energy's vehicle of expression? 

Examples for this concept i 

1, Because water can possess potential enerpp vm have hydro electric 
power* 

2, Heat energy acts on air to produee winds. 

3p The warming ©f soil results ttom the absorption of heat energy 
from the sun. ^ ^ 

■ ■ 17 ' . 



Fart II: Stataf of Matter 

First determine If students are already acquainted with the topic. 

Point out that the three states are all matter* they differ only 
In fornip 

Part 111? Particulate Nature of Matter? Atoms and Mcleculei, 
Set up analogy with concepts of Geonetry: 

Geometric concept of a Mne - coniposed of "particlei", that la, points. 

Concept of matter - composed of partlclBi, that Is, atOTas and moleculet 

Contrasting qualities j 

1* Geometric points are imaginary. 

Atoms and moleculei may geem to be imagtnary because they aran't 
visible to the na'ked eyej but they are real* 

2. There li an infinite nuniber of points composing a line, but 
there Is a definite, finite niMber of atoms and molecules In 
any given sample of matter, even In a sample as large as a 
tree or a mountain. 
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UNIT #2 OSryGlN AND C^BON DIOXIDE 



BEHAVIORAL OBJECTIVES 

VpQti completion of this unit the studtnt will be able toi 

1, Write the cheffitcal eqiiatlon for photosynthesli and degcrlbej In a 
brief essay, %Ai^t the aqyatlon synibollgei* Included In the essay will 
be* the fate Df carbon dioxide and of os^geni hov energy li related 

to the proceas; the fate of the earbohydrate; what the Qverall '^purpose' 
of the process Is to the organiiTn. 

2. Write the chemieal equation for reaplratlon and deicrtbe, in a brief 
essay, what the equation eymbollges. Included in the essay will be 
the same conaapts listed above for photosyncheaia* 

3* Given the eomblned equation for photoaynthegii and reipiratlon, 
discuas what thla repraientatlon Indicates abotic the relatlonahlp 
of these two proeeisei* 

4, Demonstrate his underiCanding of the photo^yntheiis lab conducCed in 
elass by stating whut aspecit of the photosynthetle process it was 
designed to lllugtrate and by describing the technique used to identify 
the product obtalntd, 

5* Describe in writing how brom thymol blue worka as a ohenilcal indicator, 

6, Explain in writing why brom thyiiKsl blue could be used to test for the 
presence of carbon dtoKtde produced by elodea in the reaplration 
eKperiinenC* 

7, Explain in writing ^he eolor-ehange obaervations obtained in the 
respiration CKperttnent. This explanation will include i 1) VhM 
change, if any, was observad In each type of test tube (experimental- 
dark; control-dark; experimental -light | contrQl-llghc) , 2) What 
each color change Indloatea* 

8, Describe in writing tha Importance of o^ona in the acmosphare, 

9* Participate in the Os one Debate by contributing infoimatlon he has 
obtained through his various readings on the topic. His presentation 
shotild demonstrate a ipeclflc polnt*of-vtaw found operating in this 
controversy, 

lOi List at least four faces (economlCi legal t acological, etc.) he has 
discovered as a reiult of his readings or of the classroom debate 
regarding the oEOne controversy. 

11 i Organize and write a perional statement of some opinion^ value, 

attitude, tntereat, or belief he has developed as a result of the 
Ozone Debate class ejeperience, 

LWRNING ACTIViriES #1 

Tjecture and Discussion 

Part ii OKygen - Basic aiaracterlstlcs 
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A. Its symbolic representation as, a gas 
©2 ^ a inolecule composad of 2 atoms, 

B. In ^haC forms does It appear? 

As molecular 021 In the Kg woleculej In the H20 molecule; 
In moleeules of iugarij itarchee, proteins, and other forms. 

C. Wtiere is It found? 
Soil 5 Water J Atmosphere 

Part lis Carbon Dlosclde * Basle Characteristics 

A, Its symbolic representation 

CO2 * a molecule composed of one atotn of carbon and two. atoms 
of oxygen* 

B. Where la It found? 
Soil, Water, Atmosphwe 

1EAW?ING ACTIVIW #2 

Lab eKperlTnents an photaaynthesls and respiration: The Inter relatlDnshlp of 
O2 snd CO2 AIM 

« 

Background • 

1* Photosynthesis 

Equation! COj *t* HjO l^ght^ CeHiaOfi + Og 

Deflnltloni Review Module #1} Unit # 

AddltlOTial Informatloni The energy that Is capturid by graan plants from the sun, 
is used during photoiynthesls to combine carbon dloHlde and wate^ to form the 
more complex carbohydrate moleeulea, symbollaad CgHijOg. 
KOTEi Ostygen Is produced 

Carbon dioxide la consumed 

2. Easplratlon 

Equations C6H12O6 + O2 ^ - > CO2 + H|0 4 Energy 

Deflnltloni The process by ^hlch organisms break down food niaterlals 

(Note carbohydrate In equation), r-hereby releasing earton ; 
dioxide and water and, most impa rt ant ly releasing the 
energy that was itored In the farmer compleic food malecuVas. 
NOTOi Oxygen is consumed 

Carbon Dioxide Is produced 

3. Retatlng the processes^ ' ' . 

. Combined iquatlons fflg ^ ^^^^ €6Hl206 4 02 ^ 1^ 

O , Illu atratei that life uses CO2 attd O2 Invers^iLy* ^.••'"M^IM 



Part 1 Ojcygen Production in Photosynthesis* 

Purposes 

To Illustrate the production o£ gaseous oxygen by planti during photosyntheii 
Materials needads 

Elodea, 6-lnch' piece of glass tubing and rubber stopperj short-etenttned funnel 
large beaker; ring stand; itrong light source* 

Procedures 

1, Fill large beaker with water and place In fairly large bunch of Elodea 
at the bottom, 

2* Cover Elodea completely with funnel (stem of funnel must be below aurfacs 
of vatar). See figure 2-lA* 

3, Subnierge glass tube in the water^fllled beaker, filling the tube vith 
water, then close one end of the tube with the rubber stopper. Take care 
to displace^ all air In the tube with water. See Figure 2-lB* i 

4, Keeping the tube subraerged, cover the stetn of the funnel with the water- 
filled tube* 

5, Place the whole apparatus on the ring iCahd and elainp the tube in place 
over the funnel. See figure 2^10, 

6, Place the apparatus in strong light* 

7, Record observations on the nejct day. 
Questions s 

VThen the tube is partially gas-filled (this may take a few days) , test the 
gas by reiTioving the stopper on the tube and holding a glowing splint at tht 
opening* Note ^at happens. What is the gas that la present? How did It 
gat there? 

Part 11 Carbon Dioxide Production In Rtsplratloti* 
Backgrounds 

The preeenee of carbon-dloxlde will be shown using an indicator called brom 
chynol blue. In a basic solution^ this Indicator Is blue, but In acid 
solution It turns yellow- 
Carbon dlo^clde reacts with water to form carbonic acid* ^at color should 
the indicator brotn thyinol blue be if carbon dloKlde has been introduced 
into water? 

Purposes 

To demonstrate the release of carbon dloKlde through the proceas of 
respiration. 

In addition, to reinforce the fact Chat resplratlofi Is not a process 
restricted to anltnalsp but. Instead^ this tfiergy-releailng fneehanlini Is 
also performed by plants. » -4 ' * 



Material ss 

Blodeai Eight 6-ineh test tubes; two test tube racks j hto'i thyinol blue 
spltitiott*! annnoiilum hydroKide^; aquarium water 

* prepare solution by dissolving 0*5 gm of brom th^ol blue In SO ml of water 
** add a traee amount of NH4OH to broni thymol blue iolutlon, so that solution 
turns deep blue - this would require about one drop of ammonium hydroxide 
per liter of indicator solutloai 

Procedures 

1. MIk 50 ml of aquarium water with 20 ml of brom thyinol blue solution* 

2. Uiing this solution, fill eight of the test tubes provided to within 
one Inch from the top* 

3. ' Add a bunch of llodea to four of these test tubes. Thti li your 

experimental group* Do not add anything to the other four tubes; 
thase are your controls* 

4. Place two experimental tubes (ones with Elodea) and two control tubes 
in the dark* 

Place the other four tubes (two e^erlmental? two control) In a gun-lit 
area* 

5. Make observations at the end of lab period and the next dayi if necessary 
Questions 

Note which tubes. If any* showed a color change and what the change was* 
How can you explain your observatloni in terms of respiration? 
*Labs are adapted fromi 

Blolo ^ Investlg;ations by Otto, Towle, and Crid**ri Holt, Rinehart, and 
Winston, Inc, 1965* Lab #6-2 A part 2| Lab #7-1, A part 1* 
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I£ARNING ACTIVITY #3 



Ozone - Aeroiol Debate 
Backgrounds 

Ozone ehemical symbol t O3 Composed of three oxygen atoms srrangad In a 
triangle* 

It Is a vary reactive inolecule and reacts vigorously with tnany materials on 
the earth* Therefore it Is found only In the high stratosphere - the ozone 
blanket, . . ' 

How ozone layer formed; 

Ozone Is formed froin oKygen, so It first appeared only after photosynthesis 
began on earth In the primitive seas* 

Importance of oEone layer: 

As absorbing blanket of ultraviolet light of the sun.. U*V light poses 
dangerous threat to living cells exposed to It on the earth. Therefore, 
the ozone blanket Is an Important protector of terrestrial life. 



Reference! 

The Closing Clrele by Barry Commoner: Bantam Books ^ Inc. 1972 pp,16; 26-27 
Organizing the Debate: 

Have students each choose a role or occupation to represent In the debates 
business executive, eeonomist, ecologlst, chemist, lay person, etc.. Each 
student will preient information In the debate using the pdlnt-of-vlew chosen. 
His material should be obtained from various readings on the ozone-aorosal 
controversy. 

A suggested list of readings, such as the one piesented here*, can be provided, 
but students are also encouraged to use materials thay themselves have found, 

^Sample Reading List - All articles should be prevlewedi 

1* "Earth's Security Blanket 13 ml. UP" Envlrofttnental Science and Technology 

9-196 March 1975 
2* "Ozone -aetosol Story^' Pest Control 43^18 Mirch 1975 
3. "Aerosols and Oeone Layer" Changing Times 29:19 Auguet 1975 
4* "Doomsday Sprays" M, Itoberts New Republic 173s 7-9 August 9, 1975 
5* "High Altitude Data Conform Ozone Theory" Science News 108t84 

August 9, 1975 

6* "Vftiat We Know • And Don't Know - About The Ozone Shlald" T* Alexander 
Fortune 92 1 184-8+ August, 1975 
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TJNIT #3 CTOHICALS IN THE SUBSTRATO 



BKUVIORAL OBJICTIVES 

Upon completion of this unit the student will be able to* 

1, List the cheTnlcal substances that were found to be prsstnt In the 

soil and water sample i analyzed In clasi with the test kits provided, 

2* Define, In writing , what Is meant by organic poliutlDn and daaoribe 
brleflyi an eicample of It* 

3. Take part In collecting, compiling, and organizing data on an eMmple 
of organic pollution as a member of a substrate-pollution Inyestlga^ 
tlon group, 

4. Describa In a brief eiiayp the highlights of his group's Inveetlga- 
tlon of a form of organic pollution^ that tnt ^ere this pollution 
occurs, what It effects In the environments the soureef of the 
pollution, and related economic, social , and legal aatlons or 
Implications. 

5. Using the knowledge he has obtained through readings, group dlscussidns 
audio-visual materials * and other sources made available to the elass 
make some predlction(s) about the future of the sKample of organic 
pollution he Investlgatad, For txaraplej are there signs of Improvement 
if so, what are they? 

LEARNING ACTIVITt #1 ' 

Chemical Analysis of Substrates Soil and Water Testing 

Each studsnt Is requested to bring to class a water or soil sample from a 
specific location; for example: tap water, pond waterj ocean water, vegetable 
garden soils lawn soil, soil surrounding a pond etCi 

Each student tests a specific sample of snll or water using the materials In 
a test kit and records results. 

Discussions 

i 

Compare results for the various samples with the lAole class* Discuss any 
variations observed* 

Sunroarize by listing the Important nutrients found In general In the two 
substrates, water and soil* 

mW?lNG ACTIVITY #2 

Class Project I lean's Interference In the Substr e * Organic Pollution 
Deflnttloni . . 

Organic pollution * Is caused by the Introduction of organic' wastes, which 
are actually substances noraially found In the environment* However, dlsrup* 
tlon of the environment occurs because of the Increase^ In amount of these 
substanees or because of the rapid rate of Introduction of tham. 



Class Projects OrgantKe class field trips and/or guest spaakers on the topic 
of pollution due to organic was tee in ioll and water* 

Divide etudents into a few groaps, each. group assigned as Investigators 
for one example of subitrate pollution to be deali with by guest speaker or 
during fl^ld trip, Tlii group should prepare a fact sheet on the causes of the 
pollutlen; wher^e it occurs j its envlronTnental effects | future outlook for the 
sltuatloni proposed methoda for eliminating the problem - Including atudenti' 
own creative Ideas | government actions being taken or proposed | any ramifications 
for lirfflaedtate locality. 

Arrange for school newspaper to interview each student group and featurt an 
article based on the reports given* If this Is nat possible, prepare a clais 
Poilutlan Newsletter reporting their findings* Mlraeograph the report and make 
It available to the general school population perhaps via homeroom bulletin 
boards. - . 

Supplementary Reiouree Materials* i 

A) Audio-Visual 

1* "Land Pollution" (Flltiistrtp) Ward's National Science Istablishment , 
1970, 74 frames p colors iStm, 

2, ''Eartht Water, Air" (Motion Picfure) Dames & Hoore, 197?, Made by 
Nye Communications Enterprises 29 mtn* sound color, 16!TO* 

3, '*Pollutioni our waters'* (Fllinstrip) Coronet Instructional Fllma, 1972, 
49 frames, color, SSram, 

4, "Pollution Control" (Filnistrlp) Ward's Natural Science Establishment, 
1970. 61 frames, eolor^ 35im, 

B) TeKt Readings 

1^ Boolo^y by Eugene P, Odum^ Holt, Rinehart and Winston, Inc. 1963, 
pg- 7S. 

2^ Biolo^ and Society by Andrew McCla^, MacMlllan Publishing Co,, Inc. 

1975, pp I18i 120-123. 
3* The Eoonomtes of Environmental Protect Ipn by Donald N, Thompson, 

Winthrop Publishers, IncT 1973, 
4, The Pollution Reader by Anthony DeVos, Norman Pearson, P. L, Sllveiton, 

and W, R, Drynan, Harvest House Ltd., 1968. 
5* Man and His Environment i Waste by Wesley MarK, Harper & Row 1971 

6, Envirotttnental Pollution ^ A Sunday emphasising Phyilcal and Chemical 
Princlplei, by Laurent Hodges, Holtj Rinehart & Winston, Inc. 1973* 

7. Environmental Science by Amos Turk, Jonathan Turk, Janet T, Whltteif 
Robert Wit tea, W. B, Saudera Company 1974- 

C) Suggested Topics for Periodical Researchi 

I* Pollutlont control, econoralc aspects, laws & legislation, physlologleal 
effects , 

2, Water Pollution ' . 

3* Marine Pollution . 
4. Soil Pollution 



^ All materlala should be reviewed bifore .using. 



M0DUI:E #g: THE EI^IEOOT-ffiNT : EHYSICAL HEENOHENA 



RA.TIONAL: 

To a true environmentalib w the question, "Vtiether to etudy 
weather?", would never occur. 

For teraperature, humidity, light, and wind which collectively 

determine weather, are the physical phenomena that come to hear on 
both aquatic and terrestrial environments, 

SUGCtESTSD books and EECTIKCES: 

1, Kahili, V.r'I, and I'rey, J.K. , EnyAro_nments in Profile ^ Canfield 

Press 1975. 

2. Etorer^ J.H., The Web of Life, The New American Library, Inc., 

1953. 



UNIT #1 1 EXPLORING WEATIiEE 



BEHAVIORAL OBJECTIVES: 

Upon completion of this unit the student will be able to**. 

1, State, in writins^ the three physical principles fundamental 
to the understanding of weather phenomena which were studies in the 
class investigationi* 

2o Describe, in writing^ hov; oach of these nrincipleB operates 
in weather phenomena* 



LEARNING ACTIVITY: Investigating Weather Principles: Ecperimentation 
and Deduction 

Divide students into three investigative teams* Each team is to 
be given written instructions and equipment for doing one of the 
assigned investigations* (Since some time must elapse between the 
establishment of the experimental set-up and the observation of re- 
sults^ some supplementary activities should also be planned.) 

When each team has completed its activities and fomulated 
a descriptive principle, all students should form a class discussion 
group in which each team presents the principle it has formulated 
and^ together with the teacher^ establishes how the principle func- 
tions in weather phenomena* 

Team #1: 

-Materials Needed: * 

2 shallow metal pans^ labelled A and B and having their outer 
surfaces covered with black paper* 
A graduated cylinder. 
Heat lamp* 

-Directions t 

1* Measure, using the graduated cylinder, 20 ml of water and 
pour the water into pan A* 

Do the same for pan B. 

2* Turn on thft heat lamp and orient pan A so that its black 

outer surface is in the path of the lamp's rays. The pan should be 

ap-Droximately 6 inches away from the lai^* 

Position pan B in an area that does not receive the lamp*s rays, 
5* Allow the pans to remain where positioned for about 45 minutes 
4* After this time has passed^ carefully pour the water from 

pan A into the graduated cylinder and record the volume of water 

Dresent* Empty the graduated cylinder* 

Carefully pour the water from pan B into the graduated cylinder. 

Again, record the volume present* 



ForTTmlate a statoiiient in which you propose a principle you 
believe to have been domonHtraUod by this experiment. 

Toara #2 

-Haterials needed: 

Terrarium containin{5 a Rreen plnnt^ recently watered* 
Eti^ong de&k lamp* 

-^DirectionK : 

1^ Place the tRrrariuin in front of the de^k lamp and turn 
on thc3 light. Direct the lamp so that the light is shining on the 
soil^ 

Allow the HpT^aratuB to be B^t up for aboiit 4^ minutea^ 
2, Upon returning to the apparatus^ answer the following 
questions among yourselves* they will help you v/ith your assigmuent. 

1) Place your hand in froul:; of t;he litjht and then on 

the sides of the terrarium. What do you expect is happening 
to the air in the terrarium? 

2) Shut the li^ht off. How will this affect the ari 
T^em-oera ture? 

3) Observe the inaides of the v/alls of the terrarium after 
a few minutes^ Kun ynur fingers alon^ the inside of one of 
its walls. V/hat ban hf npened? 

-AssiEnment : 

Fornulate a stateraent in which you propose a principle you 
believe to have been demonstrated by this e:x:periment • 

Team #3 

-Materials needed: 

Helium filled balloon (For this experiment, let helium represent 

air* ) 

Masking tape* 
Heat lamp* 

--Directions : 

1. Balance the helium balloon so that it will remain floating 

at a fexed levcrd by applying masking tape to the knot at the end of 
the balloon. 

2* Holding the heat lamp about 6" to 8" av/ay from the balloon^ 
direct the lamp rays at the balloon. 
What happens? 

5* Remove the lamp from the direction of the balloon. Then 
what happens? 



-'AsciEnment i 



Uaiiig the helium to r^prec^r^t rdr^ formulate a statement in 
v/hich you propose a principle you believe to have been demonstrated 
by this expei\iment. 



HRINCIPLES TO BE DIECOVEREDi 
Team #1 : 

When the v/aLer abBorDb energy in the rurm of heat^ and ito 
tempeiTiture is raiocd above a certain degree , it turns to vapoi". 

Application to Weather: 

V/ater vapor in the air is carried by wind- 



Team #2: 

Warm air holds more water vapor then cold air, therefore, when 
air containing water vapor ia cooled, some water vapor precipitates 
as fine water droplets. 

Epecial notes: In this discussion point out that the air is 
warmed not directly^ but rather by contact with the warmed dark 
surfaces of earth* Also note that the soiirces of the water are 
evaporation from soil and photosynthesis* 

Relate this princinle to -prinolple #1^ 

The water vapor carrying capacity demonstrated by team #1 is 
dependent upon the temperature of the air* 

Application to Weather* 

The formation of clouds and, under certain conditions, rain and 

snow* 
Team #3* 

V/arm air rises while cold air sinks* As air is v/armed it 
exoands and becomes lighter, therefore it rises, while cooler air 
is heavier and sinks to the surface to replace the warmer air* 

i?or Discussion: Application to V/eather 

This fact has implications in the circulation of airs V/armed 
air rises from the earth's surface, is cooled in the atmoaphere : 
above only to sink to the surface and again be warmed* This is one 
of the causative factors of wind. 

Relate this concept to principles #1 and #2i Water vapor 
gets circulated along with air and the cooling vapor in the air 
results in cloud formation, rain, and snow. ^ 



MIT ^Pi ?1Et4?0L0GY 

BEHAVIORAL OBJECTI^ni;S i 

Upon completion of this unit the student will be able to»#« 

1« Use a weather observation instrument and obtain accurate 
results. 

2* Define in wi^iting therrnocline* 

vi.. Label the ai'ea of a given depth/ temperature curve that 
i^epresents a therriiocline^ 

4,. Define in writing epilimnion and hypolimnion* 

5^ Label the area of a given depth/temperature curve that 
represent B the epilimnion and th area that represents the hyj^olimnion. 

6* Describe three examples of biological phenomena affected 
or determined by weather conditions^ 



LEAENING ACTIVITY #1: Observing and Recording Weather ^^Fhenomena " 

-Have students engage in several of the following activities, individ- 
ually or in groups* The activity should consist of: 

a) Researching the principles of operation of the equipment 
to be built and/or the phenomena to be observed 5 

b) Constructing (v/here applicable) and operating the tool 
of observation; 

c) Recording observations of the weather phenomena* 



1* Make a Barometer: 

Suggested reference: Brown^ and others, Laboratoiy 

Investifrations in Earth Science ^ pp. 89-^9"^* 

2, Keasure Rainfall 1 

Collect v/ater using a straight-sided can^ Based on the 
volume collected during the rainfall, determine the amount 
of rain that fell on a square mile^ 

3. Make a Wind Gauge • 

SuEgested reference: Brown, ri*F, and others, Laboratorj 
Investigations in Earth Science , pp* 95^9^^. 
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4. 



Measure the size oC raindropsi 



Suegested referoncui Blanchard^ D,C., From Eaindrops 
to Volcanoes n i:.^p« 4-* 8* 

5, Using clear Dlastic food wrap, cover a T.V^ screen and 
trace the weather maps with a felt- tipped marker^ By 
doing this every day for one week or more, one can 
observe the progression of weather fronts. 

6* Take color photoEraphs of the sky oust af tor the sun 

has set for a period of one or more weeks^ Study news- 
paper weather maps for this period and Qompare them 
with the pliotcjpjraphs taken» 

LEAIiNING ACTIVITY #2^ Guest Speaker 

Invite a meteoroloEist fi^om local T^V^ stations to visit 
the class as a guest speaker^ 

If Dossihle, nave studeiits set up a display of their 
procjects frora learnins activity #1 and have an informal demonstration 
or presentation of reports students have prepared. 

LEARNING ACTIVITY #3: Veather and the Substrate: Temperature Effect 
on Lake Water 

Laboratory Investigation:^ 

Cenerat inp; ? . Thermocl ine 

Background! 

Standins freshwatsr forms layers of different temperatures. Thii 
gradation of temperatures consists of an upper warm layer which ^ 
is heated by the sun and as a result is composed of expanded^ lighter 
v/ater^ and, with increasing depth, colder and colder layers of water. 
The imr.'mer surface water is called the epilimnion and the cooler, 
lovr'-lyinE v/ater i^ called the hypolimnion. The zone between the 
R-nilimnion and the hypolimnion xs called the thermocline* This 
zone is composed of waters of rapidly dropping^ temperature Mid 
usually forms a barrier to water circulation between the epilimnion 
and the hypolimnion. 

This thermocline remains stable throughout the summer^ but 
autumn, marks the advent of v/ater mixing which is completed by the 
wintei* season* 

V/ater layers have important biological implications, for^ 
species of organisms orient themselves in a v/ater layer according to 
their optimum temperatui^es* 

-Materials Needed i 

Vater-filled aquarium 
Heater 

Thermometer 32 
Food Coloring 



Ppocediir \ 

1* Place the aquarium heator in the water- filled tank^ Do not 

introduce any devic€js that cause aEitation of the v/ater such as filters 
or bubblei's* 

2. Ileasure the tomperature system establiahod by slowly lov/erlng 

a thermometer into the v/ater and i*ecording the temperature in degroGS 
centigrade at 3^0 cv j.nbui'valso 

3^ To Yisunl]-;^ deinnnstrate the ex:lctence of the epilimnion 
and the hypolimnion!j cri^rofully place some food coloring into the 
vjiitoT of the aquuiauTn^ 

While the upper v/ater loyer v;ill become colored^ the lov/er 
hyriolinnion will romain clear because of the thermal barrlnr oi:- 
tablished by the thormoclinea 

Uolnp; the data obtained in atop f/2 above ^ prapara a praph 
like liruro 3.1^ Label the epiliranion, the hypolimnion aiid tlia 
area of the theriiiocline « 

LEAEKING AUTIVITY #3i Weather Effects on Biological OrBani^ms 
Field Trip 

Class 'rrip to Woodshole (or a muaoura of life sciences); Have 
rtudenta f-atiLar infoxination on how cha.Mges in temperatures,^ watar clarity 
nnrl turbicitj^, and other factors affect biological organisms and 
Ljatflr life cyclt^s. 



*Ada-Dted from Envlrori_rnentR_in Profile _by V.TU Kaill and J*K. Frey^ 
Gnurield Press/'WsT PP^' a0^22f "39. 
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rm ORGANISM -ENVIROI^ffiNT REIATIONSHIF 



SEQIJSNCE A RGrlprocicy of the Organlgm-Environmant Relationship 
RATIONALE I 

The invagtlgatlon of the Organlsni-lnvironmant Relationship is a two-fold 
endeavors for these ecological entitles are Interdependent, Not only is every 
living i*reature sensitive to and responsive to Its envlronmenC , but also It 
actively modifies the locality it Inhabits* 

REFERENCES I 

1, Turks Amos, and others. Environmental Science , W.B. Sauders Co. 1974, 

2, McClar>% Andraw^ Blolop^y and SocletyV MacMlllan Publishing Co,, Inc, 1975. 

3, Storer, J, H*, The Web of Ltfc The New American Library^ t^^c, 1953. 

4, Barnes s R, * Invertebrate Zoology , W, B, Saunders Co.^ 1974, 

5, Odum, E. P., Ecology, Holt , Rlnehart and Winston 1963. 

6* Odum, E. P,4 Fundamentals of Ecology , B, Saundars Co*, 1971. 

UNIT #1 Adaptation: The Organism Responds 
BEHAVIORAL OBJECTIVES 

Upon completion of the unlt^ the studenf> will be able to: 

1, Define In writing? gene, gene pool, adaptation and natural selection, 

2, Compare and contrast in a brief essay genetic adaptation and behavioral 
adaptation* 

3. Given a list of structural or behavioral descriptions of organisms, 
indicate whether the situation described is an eKample of genetic or 
behavioral adaptation* 

4. Cnmparearid contrast in a brief essay behavioral adaptation resulting 
from physiological potential and behavioral adaptation resulting from 
learning, 

5, List two examples of each form of adaptation? genetie adaptation, 
behavioral adaptation based on physiological potential and behavioral 
adaptation based on learning. These examples may be these preaanted in 
the classroom presentations or other examplei the itudent has discovered 
through his other learning activities* 

6, Prepare a written report of observations made during the class field trip 
to the rocky seashore. Included in a report will bet 1) The various 
organisms, plant or animal, found there and 2) The adaptations these 
organisms demonstrate which enhance their survival in this habitat along 
with the environmental aspect involved In this adaptation. 

7. Discuss orally or In written form an example of an organism's adaptatlon(s) 
to soma aspect of weather or climate which the student hai shoaen to 
Investigate* The discussion should include the weathar or climate featurt 
concerned, the organism involved and its specific adaptation, a description 
ef the adaptation as genetic or behavioral, and the iource(s) used to re- 
search the topic, 

8. Given a written description statement of a specific eKample of environmsntal 
changes and an organism existing in that Gnvlrotunent, fortmilate a hypatheti* 

. eal design for the adaptatlon(s) of the organism which might occur and 
state his reasons for postulating the adaptatlon<s). 



LEARNING ACTIVITY #1 Adaptation! 

Lecture Presentation and Network of Lab Demonstrations 

1* Introduce topic * present definitions^ 

Adaptation - the adjustment made by an organism or a group of ofganlsms to a 
change in the environment; 

- "coping with a changing environinent" 

Some fundamentals to define* 



2. Blseuss Figure #4,1 using It as transparency with overhead projector* 

A* Terms used In scheme* 

Genetic Adaptation - mechanism of adptatlon based on the ch-^nce appearance 
in an organism of an alteration of Its genetic makeup which proves to help 
the organism cope with an environmental change. 

Behavioral Adaptation - mechanism of adaptation in which an organism 
aKhibica some physiological change (such as change of colorj positions 
or body function) which does not Involve a genetic alteration, but vhlch 
reflects in.^tead the physiological capabllltleg poasagaed by the organism* 

- "via physiological potential^' - behavioral adaptation confined to and 
limited by the physical capabilities ;f the organism, 

- "via learning" - behavioral adaptation in which prev lualy acqolred 
knowledge operates on an organism's phyalologleal poCeuctal to affect 
the adjustment. 

B- Th% structure of the scheme* 

Genetic Adaptation Is placed at the foundation level of the scheme since 
it is the genetic makeup of an organism which dttermlnaa Its physloiogical 
potential 

Behavioral Adaptation via Physiological Potential is shown as supporting 
the "via learning" category since the latter eKists within the realm of 
physiological potential* In fact, learning repreaenCs an advancement 
within the phyaiological mechanism of adjustment. 

Center BoKei* Indicate the causative factor of the adaptation 
Left-hand BoKeat Indicate the Level of Life involved. 
Right-hand Boxeai Indicate the Extent of Adaptive Influence . 

^ Special Notef Top right hand ho^i 
"Man and Culture" j 

Learning acquired by a human being during his life time can be transmitted 
in the form of culture to his offspring. This process may be considered ai 
psuedo-lnherltance* ^ This concept will be expanded upon in the final 
taodule of this learning package* 

3# Network of Lab Demonstrations 

Set up several demonstrations of behavioral and genetic adaptations using both 
preserved and live speclinens* Each demonstration center should include index 



gne, gene pool, genetic mutation, natural selection 
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cards bearing inCorniation, directions and questions pertinent to that 
station* In each case the student should be able to identify the partir.ular 
mechanism of adaptation lllusCratGd, 

Examples f 

A. Behavioral Adaptation via Physiological Potential* 

Cover a small plant with n cardboard box that has an opening that has 
hem cut out of one side. Allow sunlight or lamplight to pass through 
this opanlngi and after a few days have fitudents observe the plant's 
grot^th and eKplaln the form of adaptation Illustrated by the growth of 
the plant (that is. Its bending toward the light), 

B. Behavioral Adaptation via Learningi 

Train a rat to run a ma^s for food. Have students contrast this 
TnGchanlsm of adaptation with the other two forms^ 

Similarly, students could bring to class their own pets which have been 
tralnGd to perform tricks or obey commands. Discuss this as an example 
of adaptation due to learning. 

C. Genetic Adaptations 

Use RGpllca ^latlng Technique to demonstrate the existence of mutant 
bactei^ia which are resistant to antibiotics* See Hicroblology By 
Philip L. Carpenter^ W, B. Saunders Company 1972 pp* 188-189. 

Resources : 

I* gnyiron mental Science , Amos Turk, et al. Chapter #2 Human Adaptation to 

Environmental Change, 
2* Biology and Society, Andrew McClary, Chapter #2 *'Ltfe and Evolution" 

Chapter #6 pp. 64-65 Physiological Adaptability, 

LEARNING ACTIVITY #2 Field Trip to Rocky Seashore 

Instruct students to observe and collect data on the dlffemt organisms 
peculiar to this habitat and the adaptations they demonstrate which enable their 
existence in this environment, Organlsmi studied should Include barnacles , 
itiusselss limpets and plant-life along with their adaptations. 

REFERENCE: 

Biology and Society by A, McClary* MacMlllan Publlihlng Co,^ Ine, 1975 
pp. 17-19. 

LE^ING ACTIVIW #3 Adaptation to Weather and Climate 

Students ieleet and investlgata an example of an organlim's adaptation to 
weather or climate, Resourae material may Ineluda various text materials aa 
well as recent periodical pubHeatlons and audiovisual materlsli. Report format 
may be either written, oral or a combination of the two^ and itudenti may also 
choose to present deraonstrations , speclfflenSj dlagrama or drawings. A student 
might also supplement his report by Inviting a guest speaker for the class. 



38 



LEARNING ACTIVITY #4 



Hypothetical Adaptive Design 



Prepare a few packots of dGscriptlvg cards DutUnlng environmental changes 
encountQrrid by an organism tn a spoclflc situation. The descriptive Information 
provided should includei 1) Pertinent characterlitics of the organism Involved; 
2) The st-nte of the environment before the chMge; 3) The nature of the environ* 
mental chnngc and the resultant state of the habitat. 

Students are to use this ItiforTiiation and, by employing the knowledge of the 
nature of adaptation the have developed by progressing through the unit, construct 
a hypothetical design for the adaptation of the organism to the environmental 
change cited. Reasons for his '-educated guess* should also be provided, 

Samplei Industrial Mal^nism - taken from Biology and Society by Andrew 
McClary pp, 26-28 

InforiTiation Given: 

1) Organism - Peppered moth; light grey-color; nocturnal organismi active at 
night, rested on trees during day, 

2) Environment before change - Midlands of England | trees 'bark covered with 
light colored lichens. 

3) Environmental chango and resultant state of habitat* Industrial revolutttoni 
cities poured pollution Into aCrnosphr-re such aa coal smoke and soot. 

Students could hypothesize that as the soot blackened trees,, any dark- colored 
mutant moths wuld have adaptive advantage over light-colored ones for they would 
be concenlcd by CQlDr-camof lauge from prey t^hereas the light-colored moths would 
be easily spotted by predators. 

Sources of oth'^r examples of adaptations 

I- Environmental Science. Lms Turk^ et al, , Chapter #3 

2t BioloCT and Society, Andrew McClary, Chapters #2, 3^ 4^ 5 and 6, * 
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UNIT #2 Successionf Tlie Kcisult o£ an Organism's Environmental Impact 



BEHAVIOBAL OBJECTIVES 

Upon completion of the unit the studGnt x^jill be ablG tot 

1. Explain in a brief e^say what is meant by the statement, ''An organism 
activnly rnodifi^s the locality it inhabits.'* 

2, />GScribe verbally, with the aide of visual materials If he so desires, 
an eKample of how a particular organism alters its environment, 

3* State in writing the principle of succession, 

4, Submit a written report listing and describing the eKamples of the 

princlplo of succossion found In the chapter *'The Forest Grows" of 

John H. Btorer*s The^Web of Life, 
5* Take part in the creation and maintenance of the class invastigatlon 

of a hay Infusion culture model of succession* 
6, Phyi:lcally demonstrate the law of succession by participating in the 

.class endeavor of positively affecting its environment through a 

collection project* 

LEARNING ACTlVlTr #1 Lecture and Discussion: AIM 
How Organisms Affect Their Environment 

1* To initiate discussion and to stimulate thought * the teacher might encoura 
students to try to refute this concept* Perhaps students will want to try 
to find references supporting their stand, 

2* Discuss specific exainples, such ags 

A) The way an earthworm alters its soil environment: 

Soil drainage and aeration and soil mlKlng and churning* 

Have student set up a demonstration of soil churning by earthworms 
(Taken from Invertabfate Zoology Robert D* Barnes, Ph*D* pg, 300): 

1) Fill the bottom half of a container with 500 cc of sand, 

2) Fill the upper half of the container with 500 cc of potting soil* 

3) Introduce 5 earthworms into the system. 

Anticipated Results* 

The soil will be completely mlKed within a period of several months. 

B) Have students hypothsslee the effect of plants on our atmosphere via 
photosyntheilsi OKygen production* 

Dlseues the evolutionary Importance of the alteration of the primitive 
atmosphere due to oscygen production by autotrophs: the creation of a 
habitat hospitable to heterotrophs. 

0) The nature of soil Mmposltlon dlseuis the importance oit 

1) The organic matter contributed* to the ioll through th^ decay of 
plants and animals, 

2) The Contribution of the living plants and animals inhabiting the 
iubtrate* ^ ^ 



D) Organisms affecting aquatic envlranments: Study the formation of 
coral raefi. 

KEFEMNCESl 

Invertebrate Zoology » Robert D. Barnes, Ph. D. pp. 130-134. 
Fundamentals of Ecology, E. P. Odura, pp, 344-349. 

LEARNING ACTIVir? #2 Homowork Asslgranentai Investigating Sueceision 

Introduetlanf 

Present the principle of succesilon* 

As organlams affect and alter their envlroiunent , they create condltlens 
more suited to the establiihment of new species which doj In factj come 
to displace the original occupants of that location. 

Assignments I 

Students are asked to read Chapter #7, "The Forest Grows" (pp. 40-44) of 
John H# Storer's The Web of Life and to submit a report In which they 
list and describe the manifestations of the principle of succession they 
find In this reading. 

LEARNING ACTIVITY #3 A Model of Succession 

Project to be studied for a period of about one month. 

Demonstrates the early stages of succession as It occurs upon the dumping 
of organic wastes into a pond or stream. Remind students of their former 
study of organic pollution. 

Adapted from Bcology by E. P. Odum pp. 80 & 81 
Procedure? 

Have students set up the culture and share In making observations. Upon 
completion of the studys results should be compiled by the students and 
Instructor to obtain a holistic view of the demonstration. 

1) Boll a quantity of dried hay and allew the solution to stand for a 
few days. By the end ©f this period , a culture of heterotropls 
bacteria will have developed. 

2) To the hay Invuslon add some pond water containing seed stocks of 
various small animals. 

* Observe the succession of organisms that occurs. for about one 
tiionth. 

- Usual sequence observed i 

First to appears Monads (small flagellates) 

Quickly followed byi Ciliated ProkoEoans (such as Colpoda and 

Parameclinn) » 
More slowlyi Peaks In numbers of specialized clllates (for 

examples Hypotrlcka and Vortlcalla), Amoeba or 

Rntlfers. 

* After about 90 days the culture will run down as organlsnis succumb 
to th# lack of food. 
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LB^ING ACTIVITY #4 



Class Activity* How mn Dat ermines His Invlrotiment 



* Point out to students that taan can go one step beyond other animals by 
eeiiisoiouslyi willfully (sometlnieg earelessly) affeeting his enviroTuiienc • 

To llluitrate man's tnodlfleatlons of the environment » one might study 
his harmful effeets sueh as pollution. However* a more positive approach 
at this point In the learning experience might prove to be exciting to 
the studtnt and beneficial to the school or general comunlty* 

* Suggest to students th 'z the class perform some cotnmunlty activity designed 
to consist of a conscious » beneficial interaction on their part with the 
environment* 

It would also be hoped that an expanded form of the principle of succeaslon 
might be proposed to the students and employed, that is, that the students 
would so affect their environment so as to alter the thinking or behavior of 
both studmts and citizens who are or will be living in this environment* 

* The specific nature of the project, where it Is to be conducted, and the 
format of records or reports to be kept could be determined jointly by the 
students and the teacher^ The students would first Investigate possibilities 
of activities as groups and then dlicuss the possibilities with the whole 
class* This form of open exploration would hopefully lead to the Identifica- 
tion of problems or conmiunlty needo that the students believe are relevant 
and pressing. 

POSSIBLl PROJECTS 2 

Infomlng the public of environmental concerns^ Establishing a method of 
controlling littering on school grounds | A clean*up project; Interacting with 
' various levels of governmental officials in an area of environmental concern. 



mmtM #4 THE ORSi^SM - EHVIRONH^ ULATIONSHIP 



SCQQEHCE Populatten Sliei The DtCerminlng Faetors 

Rationale I 

The Orgaftlsm^lnvlreitttient Relationship enamipasfei the area of population 
growthft The proper funetlonlng of this relationship enables tha attain- 
ment of a population slse someiAere between Infinity (owing to the 
reproduetlve potential of an organlsn) and non^exl stance or Mtlnetlon 
C^leh eould be produeed by certain environmental faetort). 



WVr #1 Keprdductive ^CeniUali * Appro3ci«atifig Itiflnityl 



Vpon erapleCion of this unit the student will be able tai 
1« State, In siting, the Iw of iBultlpllcatioii. 

2. In a brief written itatemant, contrast exponential (or geometrla) 

and arithmetle progressions. 
3p Ciiren a set of five mathmatleal progressions^ eorraotly Identify 

ea€h progression as an exponential or an arlthtnatle one. 
4* Eicplaln, In writing, how eell division relates to the eoneept of 

Mthematleal progression. 
5. SKplaln« In writing the slgnlfieanee of exponential progression 

with respeet to the law of fBultlpllcatlon* 

Rfiferenees* 

1, Reld K* Laimreys, J.A. , Joffe, J., and Tucker, A,, Man, Nature and 
Beolo^ ^ Doubleday and Compuny Ina, 1974, pp. 303-*327| 400-404. 

2, Farb« Peter and the Editors of Life, Eeology . Time, Ine. , 1963, pp 141-144, 

3, Itormondy, B«j , Coneepts of Eeology. f rentloe^Rall, Inc., 1969, pp. 62*69. 

4, Odum, E.P. , Eeology Holt, Kinehart and Winston, Ina«, 1968, pp. 90-93, 

5, Shartoan,' I. W. , and Sherman, V. , Biology A Human Approach , Hew York 
Oxford University Press, t975, pp. 492-504 

I£^IING ACTIVlTf #1 tecture Presentation and Olsauasion 



Present Lav of Multiplications 

Crganlssis have fantastle powers of reproduction vhlah enable thetn to 
eofspensate for lurge losses In nimbers brought about by enviromaental haeards. 
C The Web of Life by J. H. Storer p. 76). 

Analysis of a Case Study i 



Reproduction Potential of thp Cofn^n Housefly Table 4«l* 



Method of Presentations 



Prepare Table 4.1 as a transparency to be used on an overhead projeator. 
Using fsasks, reveal seouentlally the population of eaah generation after 
initially demonstrating the mathenatlaal calculations Involved in the 
first few generations. 

*Taken frosi Ro rnionav, E» J, Concepts of Ecology p,62, 

iSMUfltra ACTI^TT #2 Student Exeralses 

1. Ri^e some students count the number of seeds In a pmtt pod. Assuming that 
each seed ulll produae a plant upon aultlvatlon, how liany plants would be 
produced from the contents of this pod. 

Kceratsesi 

la) If each of these plants produces. In turn, one pod having the saM 
umber of aeeds as the pod examined, how many plants will be In the 
taeond gmarationf 4 % 
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lb) Baied on thm sane eandifclona at to pmtt a), laafty piantt ean 
hm aicpt€fced In the fallwlng year? 

2) Follmf the ame praeedures aa In axerclse one, aisumlng that aaeh 
plant produees two^ Instead of one, pad. 

Quest lone f 

- Wiat does this txerelsa Indicate in teras of reproductive papers? 
« Da suah rasults actually oceur in nature/ Offer same explanations* 

2. Bave other students study a dandelion ripe with seeds. 

Exerelsesi 

1) Make a raugh estimate of the number of seeds present on this flaifer. 

2) €l¥en that there are 3 sueh dandelions per sauare foot in an open 
fiild having an area of 100 souare feet, estlnate the nunber of seeds 
praduaed by the dandelions in this field. 

Questions I 

• Hhat Inplleatlans about repraduative pwaers are deiaanstrated by 
this e%eral8ef 

- Are these numbers reallied in nature? Bicplaln 

IM^S^WG AfftiVnt #3i Kathematleal Investlgatiani 

What da ve mean by ''Fantastic Eeproductlve Pavers"? 
Compare and contrast i 

SeometHc and Arithmetic Pragresslans 

Geanetrlc ar Esepanenttal Progression 

Stepwise increases consist af the daubllng of the numbers present. 
Far example, 2 * 4 - 8 - 16 32 - f4, etc. 
Arithmetic Progression 

Stepwise increases by a fixed amount « For example, 2*4-6<^l« 
10 - 12, etc. 

Refer to Graphs af Figure 4. 2 and use this appraaah to address the ^uestlonf 
'*Are we exageratlng when we say repraduetlve potentials appra%im«te Infinlt 

1) Rave students determine the slape of the graph praduaed by the arithmetic 
pragressian, (Fi^re 4«2A) 

2) Rave students determine the slopes of lines *that might be drmn between 
each aonseautlve pair of labelled points of the graph of the geometric 
progresslan sham Slapes to be determlnedi (Figure 4.2B) 
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* If studencs hmvm had iome IntYoduetdi^ training In ealculut, fchls Investlgaclof 
Bilghe be approaehed In tmmB of thm alopes of tangenta to the curva. 

QueatloAs and Dlacuaalonai 

1« Student g should pcitulate the reaylta of taking iiore and worm alopes along 
tha graph of the e%ppnentlal progreaalon, 

2. Students should discuss the If^ltcatlons of the slopes obtained frofB the 
gaometriaal and arithmetla progressions. 

3. The alass should discuss the meaning of the geoinetrle progressions with 
raspeet to the growth of pi^pulatlons. 

IMMStTSG MnWlTt #4l Coneret^ Demnstratlons of Vxponentlal Progressions 

One or wtm of the follmflng activities may be mployed to acoualnt students 
with concrete examples of eHponenttal progressions. 

#1 Have students fold a paper In half« then In half again and so on, recording, 
after each folding, the number of rectanipilar regions formed. Gompare the 
progression obtained with the arlchmetical and eKponential progressions 
previously studied. 

#2 Mark off a souare area In the classrooms to represent the envlroisnent. 
inform the students that they are to represent population, and then 
dlreet one student to enter the souare representing the environment » 
At fixed Intervals « such as one minute, add students to the sauare area 
following an exponential progression. This Is to simulate population 
growths Inform students that no one In the area should be In contact 
with any other Inhabitant of the souare, and continue adding students 
until no more can enter 

Biscussloni 

« Sompare the time required to fill half of the square with that required 
to fill the lAole area. 

What did students have to forfeit as more and more individuals entered' the 
areat 

* In aetual cases of population Inerease, what other restrictions and 
deprivations are experieneed by individuals? 

The above activity Is taken from Environmental Edueatlen Instructional Activities 
developed under the auspices of the Environmental Task Foree in the New York 
State Education Department, p, IS. 

#3 fiiseuss mitosis and fission as examples of exponential reproductive processes 
using audlo*vl8ual materials. 

foaslble resourcas^i 

1, ''Animal mitosis (first cleavage In Ascarls) " (filmstrip) National 
Teaching Aids, 1965« S frames, eolor, 35in. 



2. **Cenetlca slides" (Slide set) Cleveland Health Museum and 
Education Center, 1970, S slides, eolor, 2x2 inches^ 



3. •^laiit and Attioal Mltesli" (Slide get) Harper & low, 1973, ^ 
20 tildet. eolor. 35 nin 

4. **PUn£ Hicosls*' (Ftlmstrlp) National TMehlng Aldi« 1967, 
8 framts, €olor« 33 

5. **BlMry Flsalan** (Fllmstrlp) Hatlofial Taaehlttg Aldsi 1965. 
8 fmea« solar, 35 m, 

*Atl Mtertala should be r&wimimi before using 

UAIWIlie ACrmft #5l Iwrestlgatlng Population 

Bitraet activities fmmi 

Population . Grade t 7'-t2 . BftylreTOontal Bducatlon 

Ingtruetlonal Pntc . Pinal Edition. Edueatlonal Resourees Information Center, 
ED 092 377 Raleigh, North Carollnai North Carolina' Stat# Dept. of Public 
Instruction, 1973. 
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Scarcity and Law of Control 
Behavioral Objectives j 

Upon completion ot this unit the student will be able tot 

1. Compare and contrast in writing the law of supply and demand 
it operates in a market economy with its operation in nature 
ecology. 

2. State in writing the principle of scarcity, 

3. State in writing the law of control. 

4. List three limiting factors and for each factor briefly 
describe an example of its operation in nature which has be#: 
obtained through personal research or through a class discua, 

5. Participate in one of the four projects in the Network of 
Interdisciplinary Activities and submit a lab report or oth«; 
written assignment appropriate to the activity, 

6. After having participated in one of the projects in the 
Network of Interdisciplinary Activities and the subsequent 
Class Presentations, write an essay in which he describes 
the relationship between the facts, ideas, and questions 

he obtaired through his activity and those obtained through 
one of the other activity groups. 

References : 

1. Storer, J, H. , The Web of Life . The New American Library, Inc., 
1953, pp. 76-837 

2. McClary, Andrew, Biology and Society . MacMillan Publishing Co., I 
1975, pp. 114-116. 

3. Reid, K. , Lauwerys, J, A., Joffe, J., and Tucker A., Man, Nature 
and Ecology . Doubleday and Company, Inc, 1974, pp. 398, 16-17, 

4. Parb, Peter and the Editors of Life . Ecology . Time, Inc., 1963, 
pp. 146-147. 

5. Kormondy, E. J., Ed., Readings in Ecology . Prentice-Hall, Inc., 
196S, pp. 106-1091 "The Role of Weather in Determining the 
Dist^-ibution and Abundance of Animals i by L. C. Birch - 1957, 

6. Kormondy, E. J., Concepts of Ecology . Prentice-Hall, Inc., 1969^ 
pp. 62-69. 

7. Odum. E. P., Ecology, Holt, Rinehart arid Wlhfito^i, Inc., 1963, 
pp. 90-93. . . 

8. Sherman, I, W, and Sherman, V. G., Biology A^ Human Approach. 
New York Oxford University Press, 1975, pp. 504-515 
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Li4MMr& AOIiVIIY #1s Some Sconomic maciplesr ^™ 

The Market Economy vs. Nature 

Present to students the fundamentals of the law of Supply 
and Demand as it operates in the market economy. 

Have students compare and oontrast the market relationship of 
supply and demand with thea^logical relationship o£ these two 
phenomena. 

Questions I 

*Gan nature meet all demands placed upon its reaources? 
^Vfeiehi if any^ resouTCes are of renewable supply? 

Which are non-renewahle? 
-Does man tend to approaeh nature in the same way that ht 

approaches the market econon^? 

Are there potential dangers inherent in such a view? 
LEAHNING ACTIVITY #2% Research Activity 
Introduction I 



are the reproductive potential of organisms not fully 
realized? What is the check? 

- Law of Scarcity s 

Students should be allowed to derive this principle baaed on 
Learning Activity #1 i 

- TheTB exists a scarcity of natural resources, that is^ the 
quantity available is small in comparison to needs and demands. 
This scarcity serves to limit population growth. 

- Law of Control: 

Have studerfc s hypotheai^e^ this principle. 
* There exist various environmental checks or safety valves which 
block the full realization of organisms' reproductive potentials* 
IKiese checks are called limiting factors, and the ^ law of scarcity 
demonstrates the factors of limited food supply ahd lack of space- 
Other factors* disease, pretotors and weather. 



Have students do research on an organism of their ohooding to. 
detemines \ i 

1) TjiB reproductive potential of the plant or animal. 

2) Otoe limiting factors which specifically blook the full 
realisation of this organism's reproductive potential. 

ffihe follow-up for this research endeavor should include class 
sharing and discussion of the especially important and interesting 
exMiples of limiting factors discovered by the students individually, 

LEAHN3^G AOTITOTX #3i Network of Interdisoiplinary Activities 

Allow students to choose which of the following activities they 
toII participate ini 

#1 Sooial Studies I Ancient Civilisation 

Students investigate the decline of anoient civilisations. 



For thi pui^ose of this activity, spcolal empliasis should be 
plaoed on the aigaificanoe of any form of matural resource 
depletion or eELVironmental deterioration which was a contribu- 
ting economic factor to the civilisations decline, 

- Spaeulate as to whether citisjens at the time were aware of thi 
potantial problems ttiat were being created by such actions^ 
and whether willful disregard was the reason such actions ware 
largely unchecked. 

Given any one of the illustrative atudits by the students^ did 
it seem that there v/ere alternatives to these environmental 
malpractices? 

- Vfliat reasons could possibly have bean given for not selecting 
the alternatives? 

Social Studies I Current Events 

Students collect newspaper and magazine clippings and pictures 
illuatrating scarcity and factors causing scarcity in our 
society. Some suggest ad problems. 

- 3?he closing of beaches due to oil spills (limiting recreation) 

- Fish mutations and depopulation in polluted waters (decreasing 
food supply) 

- ThB closing of clam harvesting areas due to pollution (decreas 
food supply) 

- Oity smog (affecting health) 
Questions i 

1. Vtoat other necessities of life are becoming scarce as a 
result of anviroumental degradation? 

2. Would nature replenish and cleanse itself if we were able 
to halt all forma of pollution immediately? How long would 
it take? 

3* Since we cannot or will not halt theaa forces immediately, 
what doaa the iimediate future hold for the environment? 

English ]tonguage Artai Creative Writing 

Students are asked to select one of the following quotations 
as a theme for a creative viriting oompoaition. Encourage the 
students to attempt figurative comparisons By using analogies 
and implamentationa in their comparisona. Students should 
include in their writing i time and place j description of 
existing conditions ^ the authors- perceptions and values, and 
analogieo of specific environmental conditiona (today). 

*'"GBiare is nothing man cannot make natural i there is nothing 
ha cannot lose.-' 

Blaise Pascal 



- "Wa ustd to be indivi duals i not populations* Parhaps wa 
are now preparing for the graat slaughter. No reason to 
be alaTmedi etona dead ia dead; breeding like rabbits we 
hasten to meet the day.'* 

EobinsoG Jeffers 

- "All things to each other 

by almighty power 

hidden liEQced are 
?Phat thou oans't not touch 

a flower 
Without troubling of a star-' 

Praneia Q^ompaon 

- "Behold the tittle i he makes progreaa only when he sticks 
his neck out," 

James B# Oonant 

- "For as long as man has dwelt upon this earth aprine has 
been the season of rebirth and the singing of the birds. 
Now in some parts of America spring has been strangely 
silent I for mar^ of the birds are dead." 

Rachel Carson 

- "We travel togather.i paesengara on a little spaeeshipi 
dependant on its vifaerable reserves of air and soil; all 
committed for our safety to its security and peaces preserved 
from annihilation only by the Care^ the work ^ and the love we 
give our fragile craft," 

Adlai Stevenson 

Special Notei 

It is strongly reeoBmended that both the individual teacher 
and his students add to this list other applicable quotatiooa 
which they have found. 

Physical ThB Incandescent Bulb vs. the Flourescent Bulb 

The two most popular methods of home illumination are the 
flourescent tube and the incandescent bulb* Using a fluorescent 
tube and an inoandeaoent bulb of the same wattage^ compare the 
intensity of illtMination of each with a photoelaptric device* 

Questions i 

1. Which type of bulb provides the greatest illumination for 
the amount of ener^ consumed per unit time (power)? 

2. I^ich type of bulb is moat widely used in buelneas and 
induata^? Why? 

5. Which type of bulb im most widely used in home illumination? 
Wiy? 
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4. What are the disadvantages of the incandaeoent bulb? 

5# What are the disadvantages of the fluorescent bulb? 

6* What might some lamp designB look like that would use the 

floutescent bulbs yet retain some of the design charactaristics 
of traditional home lighting fixtures? 

7# Would serious considjaration of suoh designs be appropriate 
action to the end of ener^ consewation? Why? 

Glass Preaenuationas 

Proviaions should be made for students to be able to share ^ 
at organized and eatablished times, the creations^ discoveries 
and results of their work. (Perhaps a few claaa periods could be 
set aside for this purpose.) 

This will not only provide each student with additional infoma* 
tioni but it will alao make available to eaoli student the benefit a 
of an interdiseipliMiiy outlook* 



•iTaken froms Living withi n our means l Enermr and Scarcity » planned 
and developed by Barry W* Jamason^ Chairman of the New York State 
Education Department's SnviroMiental Task ForcBipp 75i 18«19i 60. 

Taken froms Environmental Education Instructional ActivitieS| 
planned and developed by Barry Jamason, pp. 15-16. 



54 



iGtroducfcioQ 

Ml© purpOB© of this gamt is to simulate the pheaomtna that 
ocOTW in eeosystea deTelopa^nt, OHaus. the gajia incoTporatea thm 
following f amotions of an acosystta^^ 

1) Eht eaptur© aad iiaoorT^oratlott of #tt@r^ Svom the sun; 

2) ^« aamfacture cf organic aatariaLs by prodacers; 

3) Ei# Ingestion of thes# materials aoLd tktir aesisilatioa 
by oonsim#rs| 

4) breakdown of orgaiiia aattrtals "by dieampoiara to 
proanca simpler aubatasoea; 

5) Vhm Dianging of thtae aiapl^r su'bstanaes to foims which 
oan b© Used by px^odiioara* 

gaae has haen diaigned to specif ically caver tha last tk3?aa 
modulea of this learning activity package as wall as to include 
jMtgjial praatnted in aarlier modtilaa^ The modiilaa which eonatitute 
tha eonclnslon of this paokaga ares 

Modula Vi The Organlaa^Orgaiiisa lalatioiiship 

Topics 2 Popiilatioaa^ Oasmuaitiaa^ Coiapatition^ Territoriality, 
Interdap^ndanca 

Modula VI I The Jcosystem 

Topless Stmctnrs aad Spacias Di^arsity^ Soo system FanetioBa^ 
Climax^ ^ograssioji and HoiaaoatasiBe 

Hodtila VI 3 2 Man aad Eool©^ 

Man holds a unique positico 'with respect to acolo^* Althaugh h© 
is aubject to thm saraia riataral forces that oparata on all other 
organiama^ ha aloaa is abla to alte^ his eB^ironasejit ttoongh 
eonaeioua planning * 

Iha game board is inoluded here in saparata piaeea^ sauch lika thoaa 
of a jigaaw puEEla* To factlitata tha construction of the gaiaa board 
a saall aeale sample haa bean preiridad. 

Eef^ranetsi 

1. fftak, Amos I and other EnTiroMiental fiaiano a* V* B. Saunders 
Co., 1974 

2. WoCla^, Andrew, BioloCT^ and Society > Ka^illan rubliahiag 
Co., Ifto.^ 1975 

5. Stortr, J.H.^ Jha Vab of lifa . The New 4a«rioan library^ Inc., 1955 
4. Olaria, G*L,^ llements of Ecoloi^ . Joto Viley & Bonm^ Ino., 1954 

5» tfatt, K.1*P., P rinoi^lag of Inviroimantal Selanea . Ko&raw-Hlll 
Book Gompany^ T^?}. ^ ^ 

6. Russell, H,l*, larth, ^e frraat Hedyolar , Ehoma Ifeleon^Ino., 1973 

7. Oa^enter^ B^L.^ Microbiolo^ ^ fiaundara Co^, 1972 

8. Odua, E.Pp, ggndanantals of 1oo1oct .i V. B. Sauadara Oo«^ 1959 

. .y 

•Clarice, G.Ii. Elenentes of Ecoloffir * John Vilm^ & Bom^ Im. 1954 y| 



RUI^S OF THE GAHl 



Thm acosys^ea is the basic imit Df acoLogical structuir© aad 
fuaction^ that is^ it is the site mthiB i^hich all ©these conoopts 
asd tlements ecology interaot* It is composed of a eomiaanity 
o£ organlQfla^ plants aad aaimals living toBether in m giv^en area, 
alDttg with th§ eaviromantal region they i^abit* 

1* Shert are 4 players aach asfiigEed a reprcstntativ© markor 
(for ©%ampl©i 4 colored diaes caa b^ used*) 

Each player tbraughout the gam© will own 1 or more populatione 
of organisms, that is^ groupe of individuals of any on© Mnd 
of organiaa* The population(a) reprasanted will perfoxm oae 
of the following eeological roles: 

Prod^icer - orgaaisifts which are mble to nake their food 
froBX inorganic niateriala by naaking use of energy from 
tha sun* 

Herbivora^ or Primary Qonsumar - an crganissi which feeds 
upoii producer organisms. 

Carr iivQra, or Secoadary Consumer - an organiani that 
ooaaimes herbivores. 

Peeogipossr * as ergantsa, which as a bacterium or fungus^ 
that f eadia upon dead orgaixie matter T)y Ursaking it down 
into simpler laaterials soiae of which are releaaad and laay 
than bi used by producers. 

The eeoayateiB contains 5 prodiioer populations, 5 decompoaar 
populations, 4 herbivore populations^ and 4 carnivore populations* 
Each populatioa has 20 mambera available for OTOerahip by a 
player. Stacks of poker ohipa can be used to represent ffianbara 
of popTilationa^ 

2. At tha at art of the gaae each player will be given a principal 
population Gcnsisting of 10 meabers along v?ith 5 laea^era of each 
of the other types of populations* 

To begin the game, each player rolls the pair of ^ce to detar- 
mine which population type will be established as him prtncipal 
population* The player who rolls the highedb nuaber reaetves a 
producer population as hia principal populationi vihila the na^t 
hifhest r€c fives a herbivere populatioii^ the ne^rt hightst reeeivea 
carnivore population^ and finally^ the raaatning player receives 
a decoiipo^er population* 

^ia table indicates each playera holdings at the start of the gane. 



]^o due era 



Herbivores 



garnlvorea 



Decompoaara 



Player ^ 
Player #2 
Player #} 
Player 0^ 



10* 

5 
5 
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5 
10» 

5 

5 



5 
5 
10* 



5 




5 
5 
5 



•^ncipal Jopuiatiott 



Jho funccloniiig of th§ ecosyBtem rirat requiroa th© capture of 

flua's ener^ and its transforaatioa into chemical energy. 
Ther-ef tho first player is th© plaj©r poaeaaaittg the 
producers as hia principal populatioQ, Following the order 
of food chain relatioBahips, tho second player owns hwhivofes 
as Ms principal populatioa, the fchird halds carnivore, and thm 
last piayer ovma decompoaars as Ma naln population. 

Each player rolls the dice in turn and movea the ntmber of 
spaces indicated "by the numher rolled. 

ThQ Host Fundamental Halej 

Tm mimipm or XKEm^iNDmjci 

Ho orBanisn can exist in isolation of all other organifimaj 
organiaaia depend on each other for food and other necessities 
so that they em at in a rat ate of mutual Tel,ian.CQ^ 

^hia concept can he visiialiaed ao an Icofiystga Domino Effect, 
Given a complex arMngement of domirioaj the tapping of on© domino 
sets into motion the piogressive toppliag of each domino in the 
complex. By the initial action, a aelf-austaining progreeaion 
of events is hegtm. (It might be helpful to demonstrat© this 
cottcopt by having one or more fitudants prepare a domino presenta- 
tion.) 

Because of interdependence, ma^ game directions involve moT-e^ 
than one population, 

^in a player lands on a space laDelledj Man-Oatised Ivent or 
Natural Event, he drawi a card froai the appropriate stack of 
cards, follovB the directioas it contains, and then returna the 
card to the 'bottoia of the pile. 

If thf directions apply to a population type vhich the player 
does not own or which has attained a stable state (see Sule #9) 
he aiaply returns the card to the bottom of the stack* 

If the directions apply to oore than one^pulation type, the 
player follows those that apply to the non-stable populations 
he owns, 

Predator-Prey Squares 

When one pl^er landa on. a predator-prey space, he aasumes the 
role of predator, and all other players that land on that space 
while he is on it assiimft the prey role* 

predator gains meobere at the expense of the prey acoordiag 
to one of the following two predator-prey couplets. The predator 
nuat state the proper couplet he is eoploying, 

foedator rrey Prey forfeits to Predator 

Serbivore rroducer 2 Members 

Caroivore Esrhivore a nembers 
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7. The following population iateractions are incorporated into the 
game as Natural Events: 

1) Mutualism 

2) laraaitism 
5) Conpetition, 

4) Neutralism 

5) ComienBalism 

6) Imaiisffllism 

7) ]teotocooperation 

Thme apecsies interactioas are not fixed, but ratlier can change 
within the lifetime or organisitts due to changes in the environ- 
meat or in developmental etaees of the organisias- The af,^2 t 
for this fact all of these relatioaehips are writton on Natural 
Event Sards. They are to be used by the player who acquires them 
to couttteract a Predator-Prey relationship sfioiild ono arise, ihe 
card can he used only if ite owner is on a Predator-Prey apace, 
and it can "be used only once. 

After the card has been used it must he returned to the bottom 
of the stack of Natxiral Iveat Cards. If it is acquired again 
during the game, its owner may again use the card following the 
rules stated above. 

8. Food Chain Spaces (#52 » 35, 38, 40) 

If a parson who possesses p non-stable decoapOBer population 
rolls the dice and would land on space #52, #35, or ^JB, ne 
may choose instead to go directly to space #40 and collect 
3 members. 

If he chooses instead to land on the space indicated by 
dice, he forfeits the option to detour to space #40 until ne 
has once again travelled the game board. 

9. CliBax 

The winner of the game is obtained through the application of 
the principles of Progression and Homeostasis s 

Throuch time, all ecosysteflis tend toward maturity and greater 
cSSity. The simpler life forms of early stages are followed 
hy higher f oma and the early conditions of exceas potential 
ener^ and high ener^ flow per unit of biooass gave way to the 
more efficient use of ener^. 

The complexity of the ecoaystem is detemined by the diversity 
of species it contains: the greater the variety of specieis, 
the aore complex the ecosyflteia. 

This prosreflsion of the ecosystem is toward a stable equilibrium, 
a state of homeostasis governed by self-maiatenaace and aelf- 
regulatioa. 

To simiilate this characterifltie developnent of an ecoBystem, 
the winner of the game is tbe first player to obtain at^least 
15 memhers of hie principal population and 10 aeabers of each, 
O of tht other three population types. A player 'e principal 



population one© it has at Iftast 15 members in it is considared a 
stabla population^, an^ it no longer enters into th© activitias 
of the ge^ but rather it is left uiidietmrbed^ In the same vmy 
the other three population tj^BB once each contains at least 10 
m©ffibara^ are considerQd stable populations ^ and onc€ they are 
©stablished as stable they do not again function in the game* 
^hue^ the v/innar of the game possesses at least 4 stable 
populetione. * 



^ To hasten the gam©^ play may be stopped after a fixed period 
of time and the winner may then te considered as the person 
having each of the 4 population types represented and ha\ring 
the largest total ecosystem members. 
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NATURAL ETOTS 

Th@ following is a list of statements whicfa should be typ#d ©r 
printed on index cards wh.ich are to be randomil^ placed in a pile 
on the game board. 

1, Through mutation aad natural selection a group of orgaftisas is 
now BO different from its early ancestors that it cocistitatea a 
separate species^ 

Collect thra© members of any population* 

2, In the course of succession^ one population has ba^n eliminated 
due to unfavorable aaviroimental conditions craatad by a differ- 
ent population « 

Add tv/o members to largest population owned; forfeit stfiallest 
population owned.p 

3*1 Due to an adaptation acquired, populations are abla to with*- 
stand dry conditions* 

(You may retain this card until an opportunity arises in v/hieh 
you can use it)* 

4, In the course of sucoession, the ecosystem has baeoma Biore 
suitable to your opponents' populations than to youra* 

I^sa one member of each of your populations* 

East of your opponents gains one member to any ofie of their 
populations. 

5* A lake has completed the natural process of eutrophiea^ion 
and has ceased to exist. 

Forfeit smallest population owned* If player owia card grants 
ing resistance to d^ oonditions population ia unaffaoted* 

6* Optimal environmental conditions have fostarad multiplioation 
of smallest population owned. 

Add members to this population to make it a stable oGe. 

7. Limiting factor: Overpopulation has led to rapid sprasa of 
disease. 

Largest population oimed loses six membara. 

8^ Conditions of the environment have so developed so ss to lead 
to a donnant stage in one of your populations. 

laolate one of your populations* For your next thres turasi 
this population does not enter into the gaae* 

9# Population has entered a new niche and thrives. 
Add three members to a population owned* 
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10# Limiting factors Populations have grotra to the extent that 
water resources are being depleted^ 

Loa© smallest population owned^ If player oifns card graatiog 
rasiatance to dry condition^ population is imaf fected^ 

11* Scarcity of resources i 

Reduce each population owned by one mamber* 

12* Mutualisms Two interacting apeciea benafit^ and neither species 
can surviva without the others lou may retain this card for 
future use in the event of a K^edator-^Prey encounter* In such 
a caae^ substitute these directions for those of the Predator- 
Prey relationship* 

Both players add 2 members to any one of their populations. 

15* Paraeitismi One species is dependent upon another and through 
its interaction with it^ harms the other species. You may 
retain this card for future use in the av^ent of a Predator**Prey 
encounter. In such a case, substitute these directions for 

those of the Predator*Prey relationship* 

Card owner: add four members to aj^ one population* 
Opponent: lose three members froa population specified by 
card ovmer* 

14* Competition: ^o interacting speoies affect each other 
negatively by struggling for the satisfaction of a common 
naed« 

You may retain this card for future use in the event of a 
Predator-Rpey encounter* In such a casei substitute these 
directions for those of the Predator*Prey relationship* 

Both players lose two members from ai^ one of their populationa* 

15* Neutralism: Two species affect each other in no way* You aay 
retain this card for future use in the event of a Predator^ 
Prey encounter* In such a casei substitute these directions 
for those of the Predator-Prey relatioriship* 

Populations of both players remain unchanged. 

16* Conmensalism: Interaction in which one speciaa benefits ^ but 

the other remains unarmed* You may retain this card for future 
use in the event of a Predator*Prey encounter* In such a caaat 
substitute these directions for those of the Predator-Prey 
relationship. 

Card owner adds three members to one population owned. 

17» Amensalismi Interaction in which one spaoies is harmedi but 
the ©th^r species remains unaffected* Yoti may retain this 
card for future use in the event of a Predator-R?ey encoimter* 
In such a case, substitute these directions for those of the 
^edator-R^ey relationship. 




Owner of card maintains unchanged population* 



Opponent loses three members of one population owned* 

18*» Protocooperationi Both of the InteractiEig species benefit^ 

but the relationBhip is not essential to the eurviTOl of either 
species^ You may retain this card for future use in the event 
of a Predator-Prey encounter^ In euch a case^ eubetitute these 
directions for those of the Predator-Prey relationship* 

Both pllayere advance three spaces* 
19* Hurricane hits area^ 

Each population owned loses four members^ 
20* Strong winds harm plant life* 

Producer populations oxvned lose three members. 

Due to destruction of food and shelter^ herbivore populations 
lose two members* 

Decomposers thriven dacomposar populations add three membars* 
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MAN-CAUSED EVFJITS 



fhe following is a list of statements should "be typad 

or printad del inde^c cards whicb are to b€ randomly placad in a 
pile on th^ gBme board, 

1^ A moaocultufe has beaa created by a faraer^ crop being 

cultivated proves to be a valuable food source for primary 
eonaimers^ and their feeding destroys tha crop* 

Add tjarae rsfmbtrs to barbivor© populations ovmed* 

2# A careless human being starts a forest . ire by dJ.searding a 
cigarette^ 

Ftoducer populations aaeh lose five members; all eonaumar 

populations lose four aembera both directly by fii'^e and indirectly 
by loos of food and shelter. 

3a Insect pests have acquired rasistance to DDT and have begun 
attack on vegetation^ 

Producar population loses three meiab^rsf. 

In an effort to maintain the existence of an endangered camivora 
epecias^ man has established a reserve* 

The ardmals reproduce* Add two mesibfers to a carnivore population* 

5* A densely populated nation is exhausting its food supply. 
Scarcity of resourcea raaches dangerous proportion* - 

Reduce a produoer population by three members* 

6* Han has developed new farm equipment that greatly increases 
crop production* 

Add six meabers to a producer populatioa# 

7. Hunters have brought about the extinction of a carnovora apaciaa. 
Forfeit amallest carnivore population* 

8. Theraal pollution of a river is adversely affecting fish 
populations * 

Secondary consumer populations lose two members. 

9* Cultural autrophicationi Han's organic wastaa^ flewaga^ is being 
dumped into a lake* The nitrogen phosphoams and other compo^ds 
in the dewage have led to algal population e^losion follovied by 
much decompos^i' activity which has deplated o:^gan. 

Add four meiabers to decomposer pcpulatioas; reduce consider 
populations by three members* 
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10» Han has importtd a herbivore spacies valued for its fl@sh and 
fui'* Abimdant food and absence of natural predators has led 
to species' population explosion, at the e^ansa of iragBtation* 

Ltd four members to a herbivore populatioa; forfait thra© 
members of a producer poj ilation* 

n.. k chlorinated hydrocarbon poison which was used at soma time 
in the past to destroy an insect pest hasy over several years , 
aceiimulated in each stage of the food chain* Finally^ a toxic 
concentration has been reached in a carnivore population. 

Forfeit three members of a carnivore population. 

12. Drought would have caused the death of many organisms^ but man 

has made water available from boreholes and drinking ta^s reserved 
for such ©mergenuies^ 

411 populations remain imharmed* 

15. k flood has threatened many animal species^ but man has embarked 
upon a rescue effort consisting of the transloeation of stranded 
animals to safe reserves* 

ninimal nimbers have been losti forfeit one member of each 
herbivore and carnivore species* 

14. inert wastes discarded by man have piled up^ but due to regenera- 
tive poi'/ers» new ecosystems have ^tablished themselvaa aroimd 
the waste. 

Populations are unchanged* 

15. Wan has unknowingly imported an insact pest that has attached 
acres of crops* 

A. producer population loses three members. 

16. Wan has practiced effective pollution control. 
All populations are undisturbed. 

17. Wan has restored a forest area that was destroyed by fire* 

Collect two producer organisms* 

18^ A synergiatio reaction: organic pollutants and metallic mercury 
have been introduced into a lake. Bacterial populations thrive 
due to organic pollutants and convert the metallie mercuiy into 
methyl mercury which is absorbed by fish and subsequent members 
of the food chain^ 

liose three membera of each carnivora population. 
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AIM ENTBIES 



1. Module #2 

Unit #2 ^- ^• 

learning Activity #2: Network of lab Investigations 

2. Module #5 
Unit #2 

learning Activity #1 s Team Teaching 

3. Module #4 

Sequence A 

^^^Learning Activity ^1 : Realia/Demonstration Network! 

Provide several senonatrations of orEanisms affectias 
their environments. 

4. Module #4 

Sequence B 
Unit m 

Learning Activity #3: Team Teacliing 

5. Module 

Sequenoe B 
Unit #2 

Learning Activity #1: Team Teaching 

6. Module m 

Sequence B 

Unit m ^■ 

Learning Activity #3- Team Teachins 
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Autotroph (primary producer) An organism that synthaai^ea organic 

compounds from inorganic ones (such as watery carbon dioxide , 
and salts) with the aid of an external aupply of mei^^m The 
energy comes either from light (in photosyntheaia) or from the 
hreakdOTO of inorganic substances (in chemotropha) • Includas 
some bacterial algae, and green plants. 

Carnivore (secondary consumer) An organism that feeds on herbivores 
(.prima^ consumers)! for instance ^ a lion that .feeds on a 
zebra. 

Climax The stable end-tsroduct of succesaion, consisting of plants 
and animals in equilibrium with each other and with the an-* 
irironment. Unless some factor in the ecological conditions^ 
changes I a cliraaK association is capable of existing indefinitely* 

Commeiisalism An association between two or more individuals of 

different species from which one derives feeding^ or .r^Vr.ar^ 
benefits without sipiificantly affecting the other. 

Community The populations of different species^ plant and animal ^ 
within a given area* 

Decoroosers Organisms that feed on dead plant and animal material , 
by breaking it down physically and chemically. 

Jenitrification The breaking down of nitrogenous compounds by 

baeteria" with the release of free nitrogen to the atmosphere^ 

Ecolopry The study of animals and plants and the interrelationa be- 
" — tween them, considered in relation to their nonliving environment; 
the study of ecosystems and biomes. 

Ecosystem All the comimities in a given area considered togather 
with their nonliving environment. In general^ an ecosyatam 
is a reasonably recognizable area, although adjacent ecoaystems 
can overlap. 

Epilimnion The top, warm layer of water in freshwater lakes during 
summer. 

Jood Obain A linear chain of organisma in which each link in the 
chain feeds on the one before and is eaten by the one after. 
At the start of the chain are the primary produoarsi at the 
end, the carnivores. 

^ood Veb All the interrelated food chains in an ecosystem. The sum 

^^^'^ total of all the feeding habits of all the organisms in an 

ecosystem. 
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Gene Pool All the genes in a population of a species, whicii^ through 
potential interbreeding of the mefflbere of the population» ars 
availahle to produce a new generation. 

Habitat The home of an organism. 

Herhivore (primaiy consumer) An organism that feeds on primei^ 
producers (autotrophs,) 

HeterotroTih (consumer) An organiBra that ohtains its organic food ,^ 
from other oreanisma. All animale, some fungi, eurid most baoteria 
are heterotrophs. 

Hydrosphere The water on the surface of the Earth, 

Hypolimnion The cold bottom layer of water in freshwater lakes. 

Limiting facto r A factor of the abiotic environment that limits 
optimum growth because it is in ahort supply. 

Ilonoculture A farming system based on a single crop, grown year 
after year. 

Mutualism In this booki mutual ism means a close relationship between 
" individuals of two or more species for their mutual benefit. 

Hiche The habitat of an orsanism and the role it plays in the 
ecosystem, 

Gmnivore An animal that eats many kinds of food, both plant and 
^animal. 

Parasite An organism that makes, at some stage in its life history, 

some connection with the tissues of an individual of a different 
species, from which it derives food. The parasite may harm 
the host to a greater or lesser extent but does not usually 
kill it. 

Photosynthesis The production of organic compounds, such as glucose 
from carbon dioxide and water, liberating oxygeo* ener^ 
required for this reason is obtained from light, with the aid 
of the green pigment chlorophyll, 

Ponulation A group of individuals of the same species living in a 
given area. 

Pre 0 ip i tat ion lain, hail, and snow. 

Predator An animal that kills other animals for its food. 
Prey Animals killed and eaten by predatora. 
Primary Consumer see Herbivore, 
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Primary Pro due ex- see Autotropli* 



Respiration (cellular or internal) The chemical reactions by which 
an orgamsm obtains ener^ from organic compounds* Aerobic 
respiration r&qxiires ODcygen* Anaerobic respiration does not* 

Se condary Consumer see Carnivore* 

Succession The replacement of one community by another* The 

progressive change in the composition of a plarfc community^ 
and hence the an : . u;-, during the development of vegetation* 

S^Mosj^ . An asoooi- ^ v 4 of individuals of two or more species 
' living tosetU©^^ lor all or part of their lives. Includes 
Comme£^^.aal5 mutualiam and parasitism* 

Territory An area of ground within which an animal is master over 
"Qthers of the same species* 

Thermocline The layer of water of rapidly changing temperature in 
lake water in summer* 

Trangniration The loss of water vapor from a plant* It occurs mootly 
through the stomata of the leaves* 

Weathering The action of rain^ snow, frost, ice, wind, sunshine, 
"and so on on rocks, altering their form, colour, texture, 

and composition* 



*A11 definitions are taken fromi 

Man, Nature and Ecology , Eeid, Deith and others, Doubleday and Company, 
Inc., l^f^T 
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